The analysis of device drug content typically is carried out by means of chromatographic methods such as high performance liquid chromatography (HPLC) or liquid chromatography-mass spectrometry (LCMS). These approved methods are particularly fast, cost-efficient and ubiquitous in chemical-analytical laboratories. However, these quantitative methods necessitate the drug being eluted, which represents a destructive process.
Introduction
Raman spectroscopy represents a novel fast and cost-efficient alternative to well-established methods like HPLC and LCMS for the analysis of the drug content of samples. Furthermore, Raman spectroscopy offers the advantage of a non-destructive analysis that does not require a special sample preparation. DMS and silicone are well evaluable by means of Raman spectroscopy. The investigation of the samples is not interfered by fluorescence. The analysed area depends on the specific sample geometry. The confocal Raman microscope used within the current study allows for 200 µm measurements in the z-plane. With regard to sample protection, laser output power has to be chosen carefully, typically ranging up to 50 mW. To get a well-evaluable Raman spectrum, recorded within a short time, it must be well synchronized with the integration time.
Materials and methods

Samples
Silicone films with a thickness of about 1 mm and a DMS content of 5%, 10%, 15% and 20 % were provided by the company MED-EL (MED-EL GmbH, Innsbruck, Austria), respectively.
Overview image
All measurements were performed using a confocal Raman microscope Alpha300R (WITec GmbH, Ulm). Overview images of samples with an area of 5,000 µm x 5,000 µm were recorded using a Zeiss EC "Epiplan-Neofluar" 10x objective (NA 0.25) (Carl Zeiss AG, Oberkochen, Germany). Therefore 256 single images were stitched.
Analysis via area scan measurement
Raman measurements were performed within an area of 500 µm x 500 µm ("area scan") using 10 x 10, 25 x 25 and 50 x 50 measuring points, respectively. An integration time of 0.5 s per measuring point was applied. Laser output power of the Nd:YAG 532 nm laser ranges between 10 to 30 mW. Measurements were also performed using the Zeiss EC "Epiplan-Neofluar" 10x objective.
Raman data analysis
Evaluation of the Raman spectra of every area scan was conducted in several steps within the software WITec Project 5.0:  cosmic ray removal,  baseline correction and  calculation of an average spectrum.
Within the resulting average spectrum the area of the bands at 795 rel. cm -1 (silicone) and 1,663 rel. cm -1 (DMS) were determined via a Gauss fitting tool. Finally, the area ratio DMS / silicone was calculated.
Results and discussion
The Raman measurements were performed within an area of 500 µm x 500 µm on the film samples. Figure 1 shows an exemplary overview image with such an investigated area of the 10% DMS sample. 
Optimizing the laser output power
For the Raman measurements an integration time of 0.5 s was defined before optimizing the laser output power. The sample thickness of about 1 mm is combined with good thermal conduction properties and allows the operator to use higher laser output power. Figure 2 shows the influence of the laser output power on the signal-to-noise ratio. Compared to 20 and 30 mW, the ratio at 10 mW is high. Nevertheless the use of a high number of measuring points and its averaging decreases the signal-to-noise ratio. Within optimizing the laser output power 625 measuring points were used. Table 1 shows the results of the Raman measurements (detected using 25 x 25 measuring points at 10, 20 and 30 mW). Figure 3 shows that the averaging results in a linear correlation with correlation coefficients close to one. In the range of 10 to 30 mW the magnitude of laser output power does not influence the DMS / silicone ratio. Thus it was decided to perform further measurements with 10 mW while the integration time of 0.5 s per measuring point was maintained. Lower laser output power was not chosen because of lowering the signal-to-noise ratio.
Optimizing the number of measuring points
The number of measuring points ranged from 100 (10 x 10) to 2,500 (50 x 50). Hence the measurement time ranged from about 50 seconds (about 1 minute) to about 1,250 seconds (about 21 minutes). In Table 2 the resulting areas are compiled. DMS / silicone ratio is independent of the number of measuring points used, in the investigated range of 100 to 2,500. As Figure 4 shows, all parameters result in linear correlations with correlation coefficients close to one. With a number of 100 measuring points the DMS content of a sample can be determined in the investigated range of 0 to 20% drug content. Using an integration time of 0.5 s such a measurement can be performed in less than one minute.
Conclusion
With a laser output power of 10 mW the samples can be investigated non-destructive. Even with a small number of 100 measuring points a linear correlation between the DMS content and the DMS / silicone ratio can be shown. Thus, analysis of one sample can be performed non-destructively in only one minute. The good correlation coefficients indicate that the manufacturing of the samples was done with a high degree of homogeneity.
Future investigations can result in a further improvement of the method. With a decreased number of measuring points the measurement time can be shortened. With a smaller number of measuring points smaller areas can be investigated. Therefore, other sample geometries are also accessible to the Raman method.
Furthermore, the method may be applicable for the investigation of drug release. In that case it must be considered, that the drug is not distributed homogenously anymore.
Performing non-destructive Raman analysis permits the execution of additional (analytical) methods of the sample afterwards.
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